Introduction
Environmental pollution by unsustainable anthropogenic, results in public health challenges [1] . Persistent organic pollutants (POPs) are chemicals species that persist in the environment, undergo bioaccumulation via food web, and pose a risk of causing adverse effects to man and the environment. POPs move over long distances in near atmosphere, resulting in vast distribution across the earth including unsuspecting zones. In nature, they alter plant, animal growth and yield. Others include reduced reproduction, gene mutation, behavioural changes and death. They are cancerous and interrupt the immune and endocrine. Some of these pollutants include adrin, polychlorinated biphenyls (PBCs), chlordane, dieldrin, polychlorinated dibenzofurans, toxaphene [2] .
In May 2001, a global agreement on regulating POPs incorporates tools for cutting out 12 POPs on a worldwide scale. Among these twelve POPs, is benzo(e)pyrene (B(a)P) is a priority and the most toxic [3] .
Polynuclear aromatic hydrocarbons (PAHs) contain carbon and hydrogen with a bonded ring, holding at least two benzene rings [4] . These stable pollutants composed of only carbon and hydrogen. Largely, they occur as complex and not single substances. They naturally exist as compounds and can be synthesized as separate compounds for use in research. In its pure state chemicals, PAHs are colourless, white or pale yellow-green solids with faint and pleasant odour [5] . PAHs due to metabolism in human are not classified as POPs and less bio-accumulate [6] . Several PAHs are powerful carcinogens in existence, causing tumours in some organisms exposed to it even at microgram quantities. PAHs are inducer of cancer and precancerous lesions are devastating as the main contributor to the recent growth in cancer rates documented for industrialized countries. PAHs are mutagenic and teratogenic in nature or in the transformed from [5, 7] . They are broadly and readily spread in the environment and are in organisms [8] .
Bitumen is a sticky, black and viscid or semisolid hydrocarbons (HCs) which are described as the heaviest and thickest form of petroleum [9] .
In agricultural soils, vast numbers of PAHs strongly adhered to the organic matter. PAH degradation is unattainable and having the potential of persisting in the soil for many centuries. The persistence poses prolong threat to the environment. An exception to prolong persistence is low molecular weight PAHs vanishing via degradation, volatilization and leaching [10] . Polynuclear aromatic hydrocarbons have a unique characteristic of being carcinogenic, mutagenic and teratogenicity that threaten human health. Bitumen have very small quantities of 4 -6 condensed rings PAHs [11] .
This research is aimed at analyzing PAHs in Irele bitumen deposit field, Nigeria. The study focuses on qualitative and quantitative GC-MS characterization of agricultural soil for some toxic PAHs listed among priority pollutants by US EPA.
Materials and Methods Materials
A global positioning system (GPS), FTIR, UV Spectrophotometer, GC-MS and routine laboratory apparatus were employed for this research.
Sampling sites description
Irele (6°29'0″N 4°52'0″E) is a Local Government Area in Ondo State, Nigeria. The town covers an area of 963 square kilometers. The population of Irele is 145,166. Temperature is moderate throughout the year. Minimum and maximum Temperature is around 24°C and 33°C, respectively. Bitumen seepage points in the bituminous area especially land used for agricultural purposes, reserve forest and rivers. This study focuses on seepage location where bitumen exploration has flagged off.
Soil Sampling
The sampling of soil was done as earlier described and documented [11, 12] . Sampling as coded in Table 1 was carried out during the dry season. Soil samples were from five points in Loda-Irele at depths of 1-5 cm. Composite sample (SLSP) is from around the seepage. Four samples from 100 m to the north (SLN), south (SLS), east (SLE) and west (SLW) from the seepage. The sampling points positioned using GPS is to ensure uniformity. Collected samples were in aluminium foil to prevent contamination. Samples were taken to the laboratory and kept at -20°C. Samples were oven dried at 150°C to 200°C for about 30 mins, homogenized and sieved through a mesh of 2 mm to remove stones and other debris and stored at -20°C [13] . (Fig. 1 ). All reagents used in the analysis were of analytical grade (AR). The pretreated soil samples were extracted with dichloromethane using a Soxhlet extractor [14] , concentrated and cleaned up using silica gel column chromatography [13, 15] . The soil sample (10 g), weighed into the extraction thimble followed by addition of 60 mL dichloromethane. The extraction continued for 2 hours. The extract, concentrated to dryness using a rotary evaporator, transferred to amber vials and kept in the refrigerator for cleanup [11, 16] .
Clean up: The soil extract was purified using silica gel packed column chromatography and eluted with dichloromethane. The first 1.0 mL of eluate, discarded and 5.0 mL of eluate sent into the amber vial and kept in the refrigerator for analyses [16, 17] .
GC-MS conditioning
An Agilent Technology GC-MS comprises of a 7890 gas chromatography and 5975C mass spectrometer detector was used. The instrument comprises a column of thickness 0.25 µm and helium as carrier gas at the rate of 1 mL/min. Temperature program of initial temperature at 60 ºC hold for 0.5 min then ramp to 240 ºC at the rate of 10 ºC/min to the final temperature at 300 ºC hold for 6 min. The extracts were analyzed using the (GC-MS) for both qualitative and quantitative analyses [18] .
Method validation
Relative percent difference (% RPD) : An early solvent blank was tested prior PAH analysis. Test, repeated in double after every sample. The Relative Percent Difference (% RPD) was estimated as [11, 13] :
Where D 1 is analyte concentration in the first duplicate sample and D 2 is the concentration of the analyte in the second duplicate sample [11] .
Limit of detection (LOD) and limit of quantification (LOQ):
Calculation of LOD and LOQ using concentration of the blank sample run is. Where s b stands for the standard deviation of the blanks and a is the slope of the calibration curve [19] .
Results and Discussion

Physicochemical parameters of soil samples
Bulk density: Bulk density measures the degree of compaction of the soil material. The bulk density of the soil samples are given in Table 2 . Values agreed with reported data [20] . From the results, organic carbon of the soil samples increases as the bulk density decreases. An increase in organic matter (or organic carbon) is needed for the proper growth of the plants [21] . Integrating organic matter in a compacted soil lowers the bulk density and upturns electrical charge. Thus, increasing repulsive forces between soil particles and improves soil total strength [22] . (Table 2) agreed with the values reported [16] . The moisture content of the soil samples ranges from 10.88% in SLE to 15.06% in SLS. Comparing moisture content and the mean concentration of PAHs in the soil samples, concentration of PAHs increases as the moisture content decreases. Consumption and carbon dioxide production in normal agricultural soils depends on soil moisture content and temperature [23] .
Electrical conductivity: Electrical conductivity is an indirect signal of the strength of the nutrient solution. Electrical conductivity for the soil samples ranges from 8.76 to 14.29 µScm -1 while that of the water sample ranged from 9.01 to 14.0 µScm -1 . The electrical conductivity increases as the PAHs concentration decreases in SLE through SLSP to SLN for soil samples and RS to RD in water samples. The electrical conductivity level for hydroponic is between 1500 to 2500 µScm -1 and higher electrical conductivity deters nutrient uptake due to increase in osmotic pressure while lower may affect plant health, growth and yield [24] . The conductivity of the water for the whole study area stands at an average of 11.54 μScm -1 . This could be a signal of little solute dissolution in the river, rapid ion-exchange between the soil and water, or a poor and rather insoluble geologic rock and mineral types [25] .
pH:
The pH found in the soil samples ranges from pH 7.20 to pH 8.83, suggesting the soil ranges from pH neutral to strongly alkaline according to USDA[26] (2011). This range of soil pH values suits the availability of most essential macro nutrients. Some nutrients become retained in the soil at particular pH levels. Certain elements (P, K, S, Ca, Mg, N) are expected to be present in the region. The soil of high alkalinity may lead to deficiencies in some elements (Fe, Mn, Cu, B and Zn).
Soil particle size:
Particle size has a link with soil stability, morphology, genesis, classification and mapping; it is used as a basis of soil textural classification. It influences many physical and biogeochemical properties of soils such as soil water holding capacity (drainage), ventilation and proneness or vulnerability to erosion and thus, it is a vital aid in soil management. The textural arrangement of the soil samples revealed that the soil falls into various textural classes. This study reveals clay-loam soil type. The clay quota of the soil is usually with a high density due to the presence of decayed plant remains, the remains of insects and animals. Soil with a high fine particle (silt and clay) is known for lesser pore diameters and a higher penetration resistance than a soil with a huge amount of coarse particles [27] .
FTIR Characterization: FTIR spectra of the soil sample from bitumen field (SLSP) and nonbituminous field (SLC) were interpreted in (Table 3) . Various functional groups such as C-H, C=C-C, C-O and C=O, were found to be available in the soil samples. The FTIR spectra of organic compounds within a range of 2960 -650 cm -1 were recorded and presented in Table 3 to confirm the presence of all or some of the groups which suggested the presence of one or more aromatic rings [28] . 
SEM Characterization
We studied the surface morphology of sample from bitumen field and non-bituminous field using scanning electron microscopy ( Figure 2 ). SLC contained more void spaces than SLSP, this is in line with a reported work [29] that uncontaminated soil contains more void spaces when compared with contaminated soil. Figure 3 is chromatogram of SLE and SLC soil. Table 4 Correlation analysis Figure 4 which shows the linear regression analyses for PAHs concentration and total organic carbon marked low positive correlation in soil samples (R 2 = 0.4918). These shows site contaminated at different levels by cumulative parametric factors, meaning contaminations of soil with PAH are from various anthropogenic sources. Significant sources of PAHs in an environment are with ratios between pairs of concentrations of individual PAHs [10] . Results are correlated to mean concentration of PAHs. All the physicochemical parameters studied in soil samples except moisture content showed low positive correlation. 
GC-MS Characterization for quantification of soil's PAHs
GC-MS validation
The repeatability of the analysis was performed by injecting the same standard three times in order to measure the precision of the results, and the reproducibility was also investigated by triple analysis. The results (Table  5) showed that the adopted method is repeatable and also reproducible as the RPD's values obtained were less than 10%. 
Distribution of PAHs
The prevalence of 4-6 rings PAHs in an environment shows that they are likely to be formed by pyrolysis (anthropogenic combustion). This agrees with a report [30] , identifying coal as the major source of PAH. Out of PAHs studied, benzo[b]fluoranthene and benzo[e]pyrene were dominant in distribution in the soil samples having been detected across all the points. Other 4-6 rings PAHs that were detected in all the samples also confirmed that the major source of PAHs was anthropogenic. Their prevalence in the samples is because high molecular weight PAHs resists biodegradation and gathers in the environment [31] . Estimated PAH concentrations agree with values earlier reported [32, 33] . Findings similarly point to carcinogenic PAHs previously reported [34] to exist in multiple times higher than standard permissive level. Phytoremediation has been reported [35] as the most effective technique for bioremediation of soil polluted by polycyclic aromatic hydrocarbons.
Conclusions
Findings from this study showed that all the soil samples were contaminated with PAHs. Their concentrations were below the maximum allowable limits except for few 4-rings members. The availability and concentrations of the studied analytes vary across the study area. 
